Genetic transformation system of Dendrobium Sonia 17 was optimized using green fluorescent protein (GFP) and b-glucuronidase (GUS) gene as the reporter systems. The 35S-sgfp-TYG-nos (p35S) and pSMDFR, carrying sgfp and gusA gene, respectively, were co-bombarded into the calluses. Parameters optimized were acceleration pressure, target distance, gold particle size, pre-bombardment cultured time, plasmid DNA precipitation, total plasmid DNA and the ratio of the plasmids co-bombarded. Both reporter systems responded similarly to the bombardment parameters investigated. Based on the GUS/GFP spot counts, the GFP expression rate was higher than that for GUS under the control of the same promoter, CaMV 35S. GFP could be used as the reporter system for the co-bombardment as it was rapid and nondestructive system to monitor the transformed tissues. A combination of GFP and antibiotic resistance gene was used to select stable putative transformants.
Introduction
Orchids are major ornamental plants in the floriculture industry of Malaysia. The main hybrids, Dendrobium, Aranda and Mokara genera, are grown mainly for cut flowers. Due to the ever changing demands in the floriculture market, there is a need to continuously produce new exotic hybrids carrying desired traits such as attractive colours, longer flower shelf life and disease resistance. Genetic engineering offers an alternative approach in improving a specific trait while maintaining other desired characteristics; in contrast to the conventional breeding method that is often unpredictable.
Genetic transformation sometimes results in low efficiency of stable transformed cells, as such it is necessary to optimize the DNA delivery conditions (Rochange et al., 1995) . The reporter system is one of the important factors to be considered in order to obtain a good genetic transformation system. There are several reporter systems available for use such as anthocyanin pigmentation, bglucuronidase (GUS) enzyme colouring assay and fluorescence detection, luciferase and green fluorescent protein (GFP), and the most commonly used ones are GUS and GFP. While GUS assay is a destructive assay, GFP is a non-destructive reporter system that has the advantage to monitor the transformation event in living cells. In addition, orchid cells are recalcitrant to tissue culture manipulations and have a low rate of proliferation (Yang et al., 1999) . Hence, the use of GFP as a non-destructive reporter system will be more desirable than GUS system for genetic transformation of orchids. Kuehnle and Sugii (1992) were the first to report the possibility of applying genetic transformation in Dendrobium orchid for potential trait improvement using particle bombardment. Subsequently, several orchid genera, Cymbidium (Yang et al., 1999) , Dendrobium (Men et al., 2003) and Brassia, Cattleya and Doritaenopsis (Knapp et al., 2000) , were transformed by bombardment using mainly GUS as the reporter system except Chia et al. (1994) , where the firefly luciferase gene was inserted into Dendrobium orchid instead. Since genetic transformation system is genotype specific, establishing genetic transformation protocol for Dendrobium Sonia 17, one of leading orchid hybrids for cut flowers, is vital. Both GFP and GUS reporter system were evaluated and the possibility of cobombarding multiple genes from different plasmids without tedious gene cloning and vector reconstruction works was investigated to provide useful information for future transformation study.
In this study, the bombardment parameters, both physical and biological, were optimized using a co-bombardment approach. Two plasmids, p35S and pSMDFR carrying the GFP and GUS gene, respectively, were co-bombarded into two types of Dendrobium Sonia 17 calluses. Co-bombardment conditions were optimized for DNA delivery and both GFP and GUS reporter systems from separate plasmid DNA were used to increase the reliability of the optimized co-bombardment system. Nevertheless, GFP reporter system is relatively a more rapid and simple detection method than the GUS as it does not require a substrate for gene expression and more importantly, it is a nondestructive system.
Materials and methods

Preparation of target tissues
Types A and B calluses of Dendrobium Sonia 17 as described by Tee et al. (2003) were used for this study. Both types of calluses were induced in the dark using the phytohormone-free medium containing the half-strength MS basal salts (Murashige and Skoog, 1962 ) with Gamborg's B 5 vitamins (Gamborg et al., 1968) , 2% sucrose and 3 g l )1
Gelrite, pH 5.8. Both callus types were morphologically different and were able to regenerate into plant in the same medium when exposing to the light (Tee et al., 2003) . The calluses were cut into 2-3 mm in diameter and placed at the center of the Petri dishes Twenty pieces of calluses were placed on each petri dish prior to bombardment.
Preparation of plasmid DNA
The p35S plasmid carrying the GFP gene driven by the constitutive CaMV 35S promoter was a gift from Dr Jen Sheen (Boston, U.S.A). It has a pUC18 background. The pSMDFR carrying the GUS as the reporter gene and hygromycin-Bphosphotransferase gene as the selectable marker and both genes were driven by the CaMV 35S promoter (Figure 1 ). The plasmid DNA was extracted using QIAGEN Maxi Prep kits. The concentration of the plasmid DNA was determined using a spectrophotometer (Pharmacia LBK-Ultrospec III).
Biolistic bombardment
Bombardment was carried out using a PDS-1000/ He Biolistic Particle Delivery System (BioRad). The plasmid DNA was coated onto gold particles as described by the manufacturer (BioRad). Six microlitres of DNA suspension were dispensed onto each macrocarrier and allowed to airdry. The standard bombardment procedure was performed using manufacturer's instructions.
For bombardment studies, the parameter is varied while all other parameters are maintained as described in the standard procedure (1100 psi, 6 cm, 1.0-lm gold particle size, 6 lg plasmid DNA in 1:1 ratio, 1 day pre-culture-duration and 2.5 M CaCl 2 and 0.1 M spermidine as the plasmid DNA precipitation agents). The bombardment parameters under investigation and the range of the variations for the bombardment parameters studied are listed in Table 1 . Each parameter investigated was carried out in triplicate and repeated three times. Bombarded calluses were observed for transient expression of the GFP on the second day post-bombardment and then subjected to GUS histochemical assay.
GFP monitoring and transient assessment
GFP-expressing cells were detected using Leica MZFL III microscope aided with the GFP2 filter to mask the chlorophyll resulting in red fluorescent for the non-transformed tissues, thereby, permitting visualization of distinctive differences for the green fluorescent GFP-expressing cells. The number of GFP positive cells (green fluorescent spots) was recorded. The counting of GFP-expressing cells was always carried out using the same magnification (40·) on day 2 post-bombardment. An imaging system (Leica DC 200) was attached to the fluorescence microscope to capture the image in real time using Leica DC Viewer software.
Histochemical GUS assay and transient assessment GUS assays were carried out using modified protocols by Rasco-Gaunt et al. (1999) . GUS expression was observed by immersing explants in X-gluc buffer, 2 mM X-gluc, 100 mM sodium phosphate buffer pH 7.0, 0.5 mM potassium ferricyanide, and 0.5 mM potassium ferrocyanide. Explants were incubated overnight at 37°C in the dark, and were washed using absolute ethanol on the following day. The number of the blue spots on explants were scored, and recorded under Leica MZFL III microscope using normal light source without the GFP filter.
Selection of putative transformants
Hygromycin was used in combination with GFP for selection of putative transformants. The influence of hygromycin concentration on both callus types, A and B (Tee et al., 2003) , was investigated. Hygromycin was added into the selection medium consisting of half-strength MS salts (Murashige and Skoog, 1962 ) with Gamborg's B 5 vitamins (Gamborg et al.,1968) , 2% sucrose and 3 gl )1
Gelrite, pH 5.8. A range of hygromycin concentrations was investigated (5, 10, 15, 20 and 25 mg l )1 ) to determine its minimum fatal concentration. Each of the treatment was carried out in triplicate and was repeated three times. The fatal hygromycin concentration for calluses determined was used to select the putative transformed calluses. The bombarded calluses were transferred to the selection medium after 2 weeks post-bombardment.
Statistical analysis
Data were analysed using one-way ANOVA and the differences contrasted using Duncan's multiple range test. All statistical analyses were performed at the level 5% using SPSS 10.0 (SPSS Inc. USA).
Results and discussion
Optimization of bombardment parameters
The establishment of the optimal parameters for transient or stable gene expression in any plant tissue using particle bombardment is necessary (Schopke et al., 1997) . Both GFP and GUS reporter system were used for Dendrobium Sonia 17 types A and B calluses in this study to evaluate and increase the reliability of the optimized system. Although there was no statistically significant difference between 6 and 9 cm, the target tissue distance resulting in the highest GFP and GUS spots for type A callus was 6 cm (78 GFP spots/ bombardment and 95 GUS spots/bombardment) (Figure 2, 1-2) while that of type B callus was 9 cm at 1100 psi (221 GFP spots/bombardment and 108 GUS spots/bombardment) ( Figure 2 , 3-4). On the other hand, either GFP or GUS transient expression in types A and B calluses using the 12 cm target tissue distance was the lowest (7 GFP spots/bombardment and 34 GUS spots/bombardment for type A callus and 47 GFP spots/bombardment and 13 GUS spots/bombardment for type B callus). Further studies on the effect of acceleration pressure indicated that significant higher GFP and GUS expression (107 GFP spots/ bombardment and 78 GUS spots/bombardment) was at 1100 psi for type A callus ( Rochange et al. (1995) have reported that changes in both pressure and target tissue distance were found to dramatically affect the level of transient expression while Romano et al. (2001) suggested that a minimum pressure was necessary to obtain transient expression. It appeared that higher acceleration power significantly influenced the depth of particle penetration and distribution on target tissues as indicated by Rasco-Gaunt et al. (1999) . The higher acceleration power would increase tissue damage rate and affecting the transient expression. For relatively high levels of both GFP and GUS expression, longer distances had to be associated with high pressure as shown in type B callus. In contrast to results showed in type A callus, longer distances resulted in low transient expression regardless of the pressure used as applied in Eucalyptus (Rochange et al., 1995) . On the other hand, Rasco-Gaunt et al. (1999) reported a higher pressure always caused the poor distribution of the microcarriers as only a small area was targeted. Similar observation was observed in this study as the targeted area was found to be heavily covered by gold particles and was always poor in transient expression. In a previous study on protocorm-like-bodies (PLBs) of Dendrobium hybrids (Nan and Kuehnle, 1995) and Cymbidium orchid (Yang et al., 1999) , found no significant differences in GUS transient expression using different acceleration pressure and 900 psi was recommended for Dendrobium transformation. While a more recent study on Dendrobium species transformation, 1100 psi and a 6 cm gold particle travelling distance combination was applied for bombarding calluses or PLBs (Men et al., 2003) . The combination used was similar to that of type A callus, 1100 psi/6 cm but type B callus required a different combination, 650 psi/6 cm. These observations suggested different target tissues and genotypes required different bombardment conditions (Tadesse et al., 2003) .
The size of the microcarriers appeared to influence the ability to penetrate a cell wall without damaging the cell as suggested by Schopke et al. (1997). The microcarriers or gold particles sizes obviously affected the GFP and GUS transient expression in both callus types used where two different gold particle sizes were investigated (1.0 and 1.6 lm). A significant higher transient expression was found when both calluses types were bombarded with 1.0 lm gold particles (Figure 4, 1-4 ). The result here is different from previously reported Dendrobium transformation where the 1.6 lm gold particles were (Bio-Rad) more effective than 1.0-lm ASI gold particles (Nan and Kuehnle et al., 1995) . However, in the transformation studies on conifer (Humara et al., 1999) and wheat (Folling and Olesen, 2002) , the microcarrier particle size did not show any significant effect on GUS transient expression except that larger particles were reported to be more damaging to microspores of wheat (Folling and Olesen, 2002) . Jordan (2000) reported that different combinations between particle size and target distance in recovering different numbers of transgenic wheat where the use of 0.6 lm particle size resulted in higher transformation rate and could be used with both 6 and 9 cm target distance. In another study by Yang et al. (1999) , the smallest size (0.6 lm) was most efficient in Cymbidium orchid DNA delivery which was similar to this study that smaller particle size, 1.0 lm, was suitable for Dendrobium Sonia 17 types A and B callus.
In investigating the effect of the amount of plasmid DNA amount used, there was an increase in the number of GFP and GUS spots with an increase in the total plasmid DNA used for both types of calluses, somehow, the number of spots count decreased after reaching an optimum DNA concentration. The highest GFP and GUS expression (70 GFP spots/bombardment and 30 GUS spots/bombardment) was observed at 6 lg for type A callus ( Figure 5 , 1-2) although no statistical significant result was observed. While significant GFP and GUS expression was observed when applying 4 lg for type B callus (386 GFP spots/bombardment and 42 GUS spots/bombardment) ( Figure 5, 3-4) . In the present study, the transient expression was correlated with the Figure 4 . Effect of the gold particle size on GFP and GUS transient expression in bombarded types A (1-2) and B (3-4) Dendrobium Sonia 17 calluses. Data were collected 48h post-bombardment. Numbers of the GFP spots were recorded before the tissues were subjected to the GUS assay. Error bars correspond to standard deviation (n=3). The average number of GFP/GUS spots is per Petri dish (20 samples in each dish). Different letters indicate values are significantly different (p=0.05). amount of DNA used as suggested from the results obtained. But Romano et al. (2001) and Humara et al. (1999) reported the amount of DNA delivered per shot did not influence GUS gene expression in potato and conifer explants, respectively. Nevertheless, applying large quantities of DNA may result in an aggregation of gold particles that caused the uneven distribution of microcarriers on the macrocarrier and eventually would lead to damage of bombarded tissues as a localized point of the target tissue is heavily targeted (Humara et al., 1999) . This might explain why both types of calluses bombarded using the highest DNA concentration (8 lg) resulted in lower GFP and GUS expression.
On the other hand, the ratio of plasmids used needed to be considered in the co-bombardment transformation. The total DNA, 6 lg, was used in a various ratio composition for example 2:1 ratio representing 4 to 2 lg for GFP plasmid: GUS plasmid or vice versa. In type A callus, 2:1 ratio gained significantly higher count for GFP spots (22 spots/bombardment) if compared to 1:1 ratio (18 spots/bombardment), whereas both GUS spots were the same (15 spots/bombardment) for both ratio compositions used (Figure 6, 1-2) . While it was observed that the spots count for both GFP and GUS was highest (594 GFP spots/bombardment and 352 GUS spots/bombardment) when 1:1 ratio was applied for type B callus with significant statistic value for GFP but not GUS expression ( Figure 6, 3-4) . Observations from both total plasmid DNA amount and different ratio composition investigations suggested that the 1:1 ratio with 4 lg total plasmid DNA amount (equals to 0.4 lg per bombardment) was suitable for bombarding both callus types in general; although a better GFP expression was found at 2:1 ratio for type A callus. In previous reports on orchids transformation, different plasmid DNA amount per bombardment was applied depending on genotypes or tissues using the same PDS-1000/He (Bio-Rad) bombardment system [0.5 lg for callus and PLBs of Dendrobium species (Men et al., 2003) ; 0.8 lg for PLBs of Dendrobium hybrid (Yu et al., 2000) ; 0.42 lg for PLBs of Cymbidium (Yang et al., 1999) ].
GFP as the reporter system
GFP reporter system is a non-destructive method of monitoring and tracing the transformation event appears to be more desirable compared to GUS system, especially in monocot transformation as indicated by Stewart (2001) . The GUS system can be difficult to use because the size of spots can vary considerably and the margins of the spots are often diffuse in particular at high density spots which tends to overlap (Schopke et al., 1997) . Moreover, it is a destructive assay. A higher expression frequency of GFP over GUS reporter system driven by the same 35S promoter was shown on the transient expression percentage in types A and B calluses using different bombardment conditions (Table 2) indicating GFP has a higher expression capacity in Dendrobium Sonia 17 callus. In this co-bombardment event, two plasmids were bombarded together, the GFP and GUS reporter genes of both plasmids exhibited similar responses to the bombardment parameters as observed in this study. Thus, GFP system could be used solely for optimizing co-bombardment parameters.
In subsequent experiments, the plasmid DNA precipitation agents and pre-culture duration prior to bombardment were studied using GFP as the reporter system. The effects of two DNA precipitation agents, spermidine and calcium chloride, on the GFP transient expression were also examined. The spermidine played an important role as absence of spermidine in the preparation resulted in inefficient precipitation and subsequent loss of DNA through the washes. Additional report indicated that no significant difference in the amount of DNA precipitated was found when various sources of Ca ++ ions were used (RascoGaunt et al., 1999). The transient expression was highest when spermidine was applied alone for both callus types (88 spots/bombardment for type A callus and 313 spots/bombardment for type B callus) in comparison to when calcium chloride was used either in combination with spermidine (64 spots/bombardment for type A callus and 208 spots/bombardment for type B callus) or solely (32 spots/bombardment for type A callus and 164 spots/bombardment for type B callus) (Figure 7, (1) (2) . Under the standard bombardment conditions, both callus types showed that 2 days of preculture duration was suitable for transformation (184 spots/bombardment for type A callus and 450 spots/bombardment for type B callus) (Figure 7, (3) (4) . In wheat microspores transformation preculture duration was significantly influenced the frequency of GUS expression (Folling and Olesen, 2002) . This indicates that the developmental stages of the target tissues is a very important factor need to be considered for obtaining higher transformation efficiency.
Selection of putative stable transformants
The sensitivity of different callus types of Dendrobium Sonia 17 towards hygromycin was studied. Growth of the calluses, types A and B, were completely inhibited on 25 mg l )1 hygromycin after 4 weeks of culture (Figure 8 ). According to Yang et al. (1999) , the sensitivity of plant cells to a selectable marker depends on the genotype, physiological condition, size and type of explants and tissue culture conditions so that a minimum concentration of the selectable marker should be determined for each transformation and regeneration system. Most of orchid transformation studies used kanamycin as the selectable marker (Kuehnle and Sugii, 1992; Yang et al., 1999; Yu et al., 2001 ). However, Knapp et al. (2000) and Belarmino and Mii (2000) used bialaphos and hygromycin, respectively, as selectable marker for their orchids transformation studies.
In this study, two plasmid DNA, the p35S plasmid carrying the sgfp gene and the pSMDFR plasmid carrying the hptII gene, were co-bombarded. The combination of the selection system using GFP and antibiotic, stably transformed GFP expressing tissues were isolated from both types A and B callus (Figure 9 ). The bombarded calluses were subjected to selection medium containing 25 mg l )1 hygromycin 2 weeks post-bombardment. The calluses were cultured on the The number GFP expressing explants were recorded on day-2 post-bombardment and were then harvested for GUS assay. The number of the GUS expressing explants was recorded after an overnight incubation in GUS solution at 37°C as described in Materials and methods. a The percentage of transient expression was calculated as the number of explants expressing GFP/GUS from a total number of 60 samples regardless of the GFP/GUS spots number on each explant.
selection medium for more than 4 months. Small pieces of calluses expressing GFP and survived on the selection media were isolated and multiplied on antibiotic-free medium for 2 months and were cultured back to the selection medium to ensure that they were no escapes. However, GFP expressing tissues could not be detected in some antibiotic surviving tissues. This might be due to the introduction of genes from only a single plasmid for the co-bombardment event or very weak GFP expressing tissues were masked by chlorophyll present (Elliott et al., 1999) . The molecular analysis needs to be carried out to further verifying the co-introduced event of genes from both plasmids. The high frequency of multiple genes from different plasmids co-delivered into transformed tissues was common using the co-transformation approach (Romano et al., 2001 ). More than 96% of co-transformation frequency was achieved in sugarcane (Elliott et al., 1999) while 66% in wheat (Rasco-Gaunt et al., 2001) .
GFP is a very effective reporter gene, however, using GFP alone as to screen the transformed tissues may not suitable for this co-bombardment study. It could be laborious and time consuming to isolate transformants using GFP as the untransformed tissues generally grew faster than the transformed tissues and would cause difficulty in identifying GFP-expressing tissues after several weeks post-bombardment. For GFP to be effective as a visible selectable marker isolating small pieces of tissues expressing GFP is desirable (Stewart, 2001) , but the difficulty is in regenerating small tissues (Elliot et al., 1999) .
Conclusion
Bombardment conditions were optimized using both GFP and GUS reporter system for types A and B calluses of Dendrobium Sonia 17. Similar results and trends from GFP and GUS transient expression obtained in the optimizing process for both callus type, indicating the reliability of GFP for assessing the bombardment efficiency without destructing the tissues. GFP could be used as the sole reporter system for the co-bombardment event, in this study two different plasmids were cobombarded. Due to a faster growth rate of the untransformed tissues and increasingly present of chlorophyll in growing tissues, use of GFP as the sole selection agent for the transformants screening would be laborious and difficult. Hence, a combination of GFP and antibiotic selection system was used in our study to select the putative transformants where the tissues were fluorescent and survived in the antibiotic selection media. The detected fluorescent tissues survived on the selection media indicated the stable expression of GFP gene. Molecular analyses such as PCR and Southern blotting need to be performed for further confirmation of integration of the genes.
